Recently, several institutions, including the American Academy of Sleep Medicine, the Sleep Research Society, and the National Sleep Foundation, have made consensus recommendations concerning appropriate sleep duration for adults. Although numerous studies conducted in Western populations have provided evidence of the harmful effects of short or long sleep duration on mental health, it is still unclear whether these consensus recommendations are appropriate in Korean culture. Methods: Data from 1,892 subjects with no history of medical or psychiatric diagnoses were selected from the Korea National Health and Nutrition Examination Survey of 2014. Subjects were divided into seven groups based on their sleep duration (≤4, 5, 6, 7, 8, 9, and ≥10 hours). Depressive symptoms were measured using the Patient Health Questionnaire-9 and perceived stress severity was evaluated using a Likert-type scale. Group differences in depressive symptoms and severity of stress were analyzed using an analysis of covariance. Results: Depressive symptoms in subjects with sleep duration of ≤4 hours (5.7±5.9) or 5 hours (3.4±3.9) were higher than in subjects with a sleep duration of 7 (2.2±2.9) or 8 hours (2.2±2.9) (corrected P<0.05). Furthermore, subjects with a short sleep duration (5 hours or below) had greater perceived stress severity than subjects with a sleep duration of 7 or 8 hours (corrected P<0.05). Conclusion: Our results suggest that maintaining an appropriate sleep duration as found in the recent consensus recommendation is important for mental health, even in healthy subjects without any medical or psychiatric illnesses, in Korea.
INTROduCTION
Verifying appropriate sleep duration is important for medical and psychiatric health and many researchers have tried to provide guidelines for healthy sleep duration. In 2015, the American Academy of Sleep Medicine and the Sleep Research Society suggested 7 or more hours per night on a regular basis to promote optimal health in adults (18 to 60 years), 1) and the National Sleep Foundation recommended a sleep range of 7 to 9 hours per day for young adults (18 to 24 years) and adults (25 to 64 years).
2)
The association between sleep duration and mental health has been addressed in previous studies. Short sleep duration has been linked to various psychiatric disorders, including depressive disorder, 3, 4) depression-related suicidal behavior, 5) and anxiety disorder, 3) In addition, a recent meta-analysis of prospective studies showed that both short and long sleep duration were significantly related to an increased risk of depression. 6) However, insomnia or hypersomnia is one of the common symptoms in depressive disorder and the presence of depression is a significant factor in short or long sleep duration. 7) Furthermore, various medical diseases and disease-related medications can cause insomnia or hypersomnia. It is important to consider these confounders when analyzing the relationship between sleep duration and mental health, with previous well-designed studies controlling for these confounding factors. [8] [9] [10] The Korea National Health and Nutrition Ex- The present study aimed to investigate the cross-sectional association between sleep duration and depressive symptoms, depressionrelated quality of life, and daily stress in a healthy population in Korea.
METhOdS

Study population
We used the publicly available data from the KNHANES in 2014. The individual histories of the diagnosis of most medical diseases, including cancer, hypertension, and depression, were evaluated in the KNHANES. Subjects were asked whether they had ever been diagnosed by a doctor with any of following conditions: hypertension, dyslipidemia, stroke, ischemic heart disease, arthritis, tuberculosis, asthma, diabetes, thyroid disease, cancer, atopic dermatitis, allergic rhinitis, chronic liver disease, chronic kidney disease, and depression. We excluded the data of all subjects with any of these diseases. We selected the data from the KNHANES 2014 because a self-reported questionnaire that quantitatively measures depressive symptoms was included. Of the total 7,550 subjects, there were 4,423 subjects aged be- 
Sleep duration and Other variables
Sleep duration was evaluated using the question "On average, how much do you sleep each day?" Subjects were classified into seven groups based on their sleep duration: ≤4, 5, 6, 7, 8, 9, and ≥10 hours.
Depressive symptoms were evaluated using the Patient Health Questionnaire-9 (PHQ-9).
12) The Korean version of the PHQ-9 has been shown to have good reliability and validity. 13) Perceived stress severity was measured using the question "How much do you feel stress in daily life?" Likert-type scales were used to evaluate both perceived stress severity (1: extremely, 2: much, 3: slightly, and 4: scarcely) and quality of life regarding anxiety/depression, which is a part of the EQ-5D and developed by the EuroQol group, 14) (1: none, 2: moderate, and 3: severe). In addition, the proportional size of the high stress group was evaluated using the number of subjects who rated extreme or much stress in the perceived stress severity questionnaire. Basic epidemiological characteristics, such as age, gender, education, and household income, were also included. Physical activities were elicited using the following question: How many days did you perform physical activities like walking (or strengthening or stretching) during the past week?
Statistical analysis
An analysis of variance (ANOVA) for continuous variables and the chisquare test for categorical variables were used to measure group differences among the seven sleep duration groups. Post hoc analysis between groups was applied using the Bonferroni test for multiple comparisons. In the post hoc analysis of the chi-square test, an adjusted residual method was used to measure the statistical significance (P-value of 0.05/14 correcting for multiple comparisons). 15) An additional analysis of covariance (ANCOVA) was performed to control for the effects of age, sex, level of education, and household income. All analyses were performed using PASW SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA), and a P-value <0.05 was considered statistically significant. 
RESuLTS
The mean sleep duration of our 1,892 subjects was 6.9±1.3 hours.
Overall, our healthy subjects demonstrated very low scores of depressive symptoms and slight stress (PHQ-9, 2.5±3.3; perceived stress severity, 2.8±0.7; and EQ-anxiety/depression, 1.1±0.3). The shortest sleep duration group tended to be older, had fewer years of education, and had a lower household income (corrected P<0.05). In the ANOVA and following post hoc analysis, the subjects with a short sleep duration (5 hours or below) had more depressive symptoms, higher perceived stress severity, and lower quality of life related to anxiety/depression than those with a sleep duration of 7 or 8 hours (corrected P<0.05) ( Table 1) . Subjects with a long sleep duration (10 hours or above) did not show any significant differences compared with those who had a 7-, 8-, or 9-hour sleep duration. There were also no significant group differences in weekly physical activities. In the ANCOVA analysis controlling for the effects of age, sex, level of education, and household income, the overall group differences in PHQ-9 (F=15.03, P<0.001), EQ-anxiety/depression (F=5.59, P<0.001), and perceived stress severity (F=8.57, P<0.001) were maintained ( Table 2) . Furthermore, the relationship between sleep duration and the measurements of the PHQ-9, EQ-anxiety/depression, and perceived stress severity showed similar patterns of U-shaped or inverted-U-shaped graphs ( Figure 1 ).
dISCuSSION
This study provides evidence that short sleep duration (5 hours or below) can have negative effects on depressive symptoms, perceived stress severity, and quality of life related to anxiety/depression. Our results suggest that 7 or 8 hours sleep per night is sufficient to cope with daily stress and/or emotional burdens.
Subjects with the shortest sleep duration (4 hours or below) were likely to be older and have lower levels of income and education. A previous study in Korea also found a relationship between lower socioeconomic status and short sleep duration. 7) We performed an AN-COVA analysis to mitigate the effects of the differences in basic characteristics and found results similar to those of the ANOVA analysis.
Though the overall level of depressive symptoms and perceived stress were low in our healthy subjects, short sleep duration (5 hours or below) was associated with a higher level of depressive symptoms and perceived stress severity. Short sleep duration can be a risk factor for psychiatric disorders including major depressive disorder and posttraumatic stress disorder after a severe stressful event. 16) Our results
suggest that short sleep duration may be related to a failure in processing common daily stresses or emotional stimuli in a healthy way. Short sleep duration has been shown to predict persistent psychological distress in the near future in a prospective study with young adults 17) and showed a relationship with psychological distress in a cross-sectional Analysis of variance or **Chi-square test were used to measure group differences. and population-based study. 18) Furthermore, while significant effects of long sleep duration (10 hours or above) on depressive symptoms and perceived stress severity were not shown, the U-and inverted-Ushaped graphs (Figure 1 ) may indicate the possibility of harmful effects of long sleep duration. In sum, 7 or 8 hours (or possibly 9 hours) sleep duration showed favorable effects on subjects' overall mood and stress in a healthy population, and our results were in line with the consensus recommendation from several institutions.
In contrast to the results of the effects of sleep duration on mental health, we did not find any relationship between a short duration sleep and physical activities. A previous study showed that sufficient sleep can increase physical activity in children. 19) We did not observe overt effects of sleep duration on physical activities in the healthy subjects in our study. Recent studies showed no significant relationship between sleep duration and sedentary time 20) or physical activity. 21) Our results also suggest that short sleep duration may not disrupt daily activities, such as walking, strengthening, and stretching, in healthy subjects.
Some limitations of this study should be noted. First, our cross-sectional design cannot confirm a causal relationship between depressive symptoms and sleep duration. While subjects with medical diseases or depressive disorder were excluded in our study, subclinical depression or perceived stress can affect sleep duration. 22) Second, sleep duration was measured using a self-reported questionnaire, which can lead to recall bias. Third, while basic epidemiological characteristics were included as covariates in an ANCOVA analysis, the differences in epidemiological characteristics can be a confounding factor of our results.
In conclusion, our results suggest that an appropriate sleep duration 
